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SUMMARY 




The results of towing tests made on two models at the 
reqiiest of the Bureau of Aeronautics, Navy Department, are 
presented. The first model represents the hull of the U.S. 
Itfavy PN-8 flying "boat. The second represents a proposed 
alteration of the PIT- 8, in which the sponsons of the orig- 
inal hull are removed and auxiliary lifting vanes are fit- 
ted at the chines immediately forward of the main step. 
The tests showed that the altered form gave a large in- 
crease in hump resistance and a very undesirable spray 
formation through a large part of the speed range. 



The hull of the U. S. Navy F1T-8 flying boat has a wide 
planing bottom, formed by lateral extensions of the sides 
below the narrower central part that houses personnel and 
equipment. These extensions, or "sponsons" extend from 
the bow to a point aft of the second step. It was proposed 
by the Bureau of Aeronautics, Navy Department, to investi- 
gate the water performance of a modification of this hull 
in which the sponsons are removed and small auxiliary lift- 
ing vanes substituted. The vanes were intended to act as 
double-surface hydrofoils at the lower speeds where plan- 
ing begins and to come clear at the higher speeds, where 
the narrower planing bottom that results from the removal 
of the sponsons would be more efficient. It was hoped 
that the modified hull would have less water resistance 
besides being more desirable from considerations of weight, 
strength, and air drag. 

Kodel-bas in tests of both the original and the modi- 
fied hulls were made by the Committee at the I7.A.C.A. 
tank, Langley Field, 7a* , at the request of the Bureau of 
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Aeronautics. It was planned to modify an existing PIT- 8 
flying- boat for full-scale trials, should ■; the s e tests indi- 
cate the desirability of such an arrangement* 

Two models; were furnished "by the : Bureau for the inves- 
tigation. The first, designated "Model 9", was a one- 
fifth full-size reproduction of the standard PN-8 hull as 
used in service. The second, designated "Model 10", was 
like Model 9 except that the sponsons. were omitted and the 
auxiliary vanes substituted. The models were tov/ed at the 
tank in March 19 32. 

Although the tests were made primarily for the ITavy 
Department, permission has "been granted to puhlish the re- 
: suits-, • It is believed that the manner in which the vanes 
behaved will be of interest in spite of the fact -.that the 
arrangement as tested proved to "be unde s irahl e . . 

■DESCRIPTION -Or MODELS ■ 



Photographs of the models as tested are shown in fig- 
ures 1 and 2. They were constructed carefully to scale 
and made hollow to reduce the weight. The exterior sur- 
faces were smoothly finished with enamel. 

The models are 9 feet long, corresponding to a full- 
scale length of 45 feet. This large size of model, made 
possible "by the high speed of the towing carriage at the 
N.A.C.a. tank, enables a Lore accurate reproduction of 
full-scale phenomena, particularly that- of spray formation 
which was an .important consideration in this investigation 

The sheer line of the full-size hull is not reproduce 
in the models. The vertical sides are carried up to a 
straight sheer line 13.8 inches above the keel at step. 
The open tops are closed in with light plywood decking to 
keep spray out of the interiors. 

The form of the original hull, Model 9, is shown in 
figure 1. The altered form of Model 10 and the type of 
vanes employed are shown in figure 2. It can be seen that 
the cross- sect ional area of the modified -hull is consider- 
ably reduced "by the elimination of, the sponsons ; the heam 
of Model 9 is 24.48 inches and that of Model 10 is 12.38 
inches. 
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In fig-are 2,. it is seen that tlie .auxiliary vanes are 
attached at the chines immediately forward of the main step 
so that their under surfaces form a continuation of the 
planing "bottom. The plan form of the vanes is trapezoidal 
and their longitudinal sections are similar to sharp-nosed 
propeller profiles. The significant dimensions are as fol- 
lows: - / ' • ■ ; . * 

Root -chord .......... , . . 11.00 ixu 

Tip chord . . . . . . .... ... . .. . . 7 . 40 in. 

Hoot thickness 1.00 in.' 

Tip thickness . . . . . . . . ... *. . ... 67 in . 

Area . each vane 

(projected on a horizontal plane) 38.3 sq.in. 

Beam over vanes 20.30 in. 



APPARATUS AND PROCEDURE 



The N,A.C.A. tank and its equipment for testing models 
of seaplane hulls are described in reference.!. The larger 
towing gear was used for testing Models 9 and 10.. 

The center of gravity of the complete seaplane was 
ta/cen as the towing point and the center of the trimming 
moments. For both models this point is 8.75 inches for- 
ward of the main step and 20.1 inches above the base line 
.(line through the keel at the main step and parallel to 
the sheer). The models were balanced longitudinally so 
that the designed trim at rest, 0 , was obtained, but they 
were not balanced vertically. At angles other than 0°, 
then, the attitude of the models when run free-to-trim was 
influenced slightly by the moment about the towing point, 
owing to the displacement of the model center of gravity. 
The effect of this gravity moment is not thought to be det- 
rimental, however, since the net aerodynamic moment of the 
actual airplane due to the wings, tail surfaces, and pro- 
peller acts in the same direction. 

The load on the water at rest for each model was 112 
pounds, and the get-away speed was 39.4 feet per second, 
corresponding to a full-scale gross load of 14,000 pounds 
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a n cl a g e t - away sp 
lift, device described 



eed of 60 miles per hour. The hydrovane 
in reference 1 was adjusted to lift 



the.Vmodel just clear at the get-a77ajr speed and its lift 
was assumed., to vary as the square of the speed, scale ef- 
fect on the lift of the vane "being neglected. This. pro- 
cedure is equivalent to assuming a constant lift coeffi- 
cient for the wings throughout the tai<:e~off. 



The -no del s 



of 10 ( 
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.0 



wer e 



towed free-to-trin and at fixed trims 
and 4°. This range of angles instired 



finding the trim for minimum resistance for each part of 
the' speed range. In a succession of const ant- speed runs 
of tne . towing carriage, data were obta ined ' f or curves of 
resistance, A/fi, rise of center of gravity, trim angle, 
and trimming moment against speed. Several photographs 
o.f Model 10 were obtained in that part of the speed ra&ge 
where the vanes were in contact with the water. 



:est results 



The net values of the quantities measured, obtained 
by deducting the usual towing-gear tares (see .reference l) 
from the observed values, are plotted in . f igur es \J3k and 4-. 
These curves show the data plotted against speed,, both for 
the free-to-trim condition and for the various fixed trimst 
The interpretations of the quantities are .as .follows : 

if • • » . * • *'• • * ' 

1. The resistance is equal to water resistance pl'hs 
air drag of the model. 

2. The symbol A/B is the ratio of load, on the wa- 
ter to resistance. The load, A«, at., any speed, 
V, is defined by the relation 



wh ere 



A, 



1 - 



the initial load, 112 ''pounds . 



Vjj, the get-away speed, 39.4 feet per second, 



3.. The rise of the center of gravity is neasured 

from the position obtained at rest with the mod^l 
at 0° triii . 
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4. The tr.im a&gle is measured ■ "between the "base line, 
(or. sheer) of the model and the horizontal. 

5. The trimming moments are given with reference to 
the towing point. . Moments which tend to raise 
the how are cons i dor ed p o s i t iye. The moment 
curve shown for the free- to- trim condition in 
each case, is that. of. the. water raom.ent equal and 
opposite to the gravity moment , the existence of 
which was explained in the preceding section. 

PRECISION 



The test results as given by the faired curves 'are . e s~ 
tinated to be correct within the following limits: 

Speed . . . ... ... . iO • 1 f . p . s . .... 

Resistance . . . . i'0.1 lb. 

Trim angle ...... ±0 . 1° 

Trimming moment ..... . ±1.0 It. -ft ... 

Rise of center of 

gravity ....... ±0 • 2 ' in . 



DISCUSSION 0E RESULTS 



The characteristics of Model 9, as shown "by the curves 
of figure 3, a,re representative for the type. The resist- 
ance and trim angle rise to a maximum at about 33 percent 
of the get-away speed, then drop off as the progressively 
unloaded hull continues through the planing region to the. 
get-away speed. Its performance, in general ,. is satisfac- 
tory, although the value of A/5 at the hump speed is 
rather low as compared with that of more recent designs. 

The curves of figure 4 show marked differences in the 
characteristics of Model 10. In the region of the hump 
speed, particularly, the trim angle jumps from 5.4° at 15 
feet per second to 10° at 17 feet per second, accompanied 
by a sharp peak in the resistance curve between these 
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speeds. It is uncertain just how the hull would behave at 
this point under full-scale conditions .and accelerated mo- 
tion. " 

The A/e curves for the two models are compared in 
figure 5. These curves were constructed by fairing the 
upper envelope of .the A/ R curves in .f igures 3 and 4, 
hence they show the resistance characteristics of the raod- 
•iis while Tunning at the most favorable trim angle for each 
part of; the spfeed range. From the curves of -this figure 
it appWrs that the vanes acted as expected at speeds be- 
low the hump and at speeds above 60 percent of the get- 
away. The alteration, howevo r r, resulted in a considerably 
lower value of A/n at the hump , which decrease might se- 
riously threaten the reserve propeller thrust available at 
this point . • ; • •. . : 

The' spray characteristics of Model 10 were very poor 
throughout the greater portion of the speed range. Fig- 
ure 6 illustrates the ' extr erne "dirtiness" of the arrange- 
ment. These photographs were taken while . the ivodel was 
running, free-to-trim', at the speeds noted in the figure. 
At speeds below 11 feet per second, the vanes ' ran submerged 
and were presumably furnishing lift, but the forebody blis- 
ter was objectionable, as shown in (a). At speeds from 12 
to 15 feet per second,' the vanes began to take air over 
their upper surfaces, causing a secondary blister which, 
in combination with that of the forebody entrance, gave 
the very confused spray patterns shown in (b) and ( c ) « 
?rom 15 to 17 feet per second (fig. 6(d)), the trim angle 
rose sharply, causing the spray to increase in quantity 
and height until the blister from the vanes rose about 12 
inches above the sheer line and wetted the entire after- 
body. At 20 feet, per second, the chines became dry and 
the blisters thinned down, although considerable water was 
raised because of the interference of the leading edge of 
the vanes with the blister coning from the hull. The- ap- • 
pearance of the model at this point is seen in ( e.) . Short- 
ly beyond this .condition, the mo.dei was planing more clean- 
ly on the vanes' and main step, as shown in (f 4 ).* ' 

• The spray thrown from Model 9 was normal for the type. 
Model 10 was so decidedly inferior in this respect that it 
was not thought necessary to include spray photographs of 
Model 9 for comparison. 

Neither model showed a tendency toward longitudinal 
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instability while under way. The model tests described 
herein, however, are not sufficient to give definite as- 
surance that "porpoising" would not occur during an actual 
take-off. 

CONCLUDING- REMARKS 



As the points of extreme "blister interference from 
the vanes of Model 10 coincide reasonably well with trie 
region of lower A/1 on figure 5, the poorer performance 
of the altered hull at the hump speed is probably due, in 
part, to the extreme "dirtiness" of the vanes as they 
emerge. After the vanes break the surface, much of the 
objectionable water is caused by their leading edges, which 
deflect the blister from the main hull up over the after- 
body. Some means of controlling this condition would Iv-ive 
to be found before the alterations could be successfully 
applied to the PN-3 hull. 

The photographs of figure 6 give some evidence that 
insufficient planing area was furnished by the narrow hull 
and the under surfaces of the vanes. More general tests 
at the N.A.C.A. tank on hulls of conventional form have 
invariably saown that as hull size, and consequently the 
planing area, is increased the A/h ratio at the hump 
speed becomes higher. 

The undesirable features resulting from the altera- 
tion of the PIT- 8 point to the possibility of impr o venent 
of the vanes by increasing their area and raising their 
leading edges. When this is done, the vanes approach the 
-iore familiar form of stub-wing stabilizers as used on tne 
Dernier hulls and others. These stabilizers are primarily 
intended to furnish lateral stability at rest in place of 
side or wing-tip floats. If properly designed, they may 
also materially improve the take-off performance of highly 
loaded hulls. Further development along this line is now 
being studied by the Committee. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., January 26, 1934. 
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Fig. 3 




Figure 3.- Curves of resistance, A/r, rise of center of gravity, trim angle, and trimming moment f o 
Model 9. Model initial load, 112 lb. Model get-away speed, 39.4 feet per second. 




Figure 4.- Curves of resistance, A/R, rise of center of gravity, trim angle, and trimming moment for 
Model 10. Model initial load, 112 lb. Model [ret-away speed, 39.4 feet per second. 
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(e) 20.1 f.p.a. (f) 24.5 f.p.s. 

Figure 6. -Spray photographs of Model 10 



